An antibiotic-producing pseudomonad was isolated from a seawater sample from a La Jolla, Calif., tidepool. The pseudomonad produces two novel antibacterial compounds, 2-n-pentyl-4-quinolinol and 2-n-heptyl-4-quinolinol. It also synthesizes indole-3-carboxaldehyde, 6-bromoindole-3-carboxaldehyde, and the known antibiotic p-hydroxybenzaldehyde. Each of these compounds was identified by analysis of spectral data, and the structures were confinred by synthesis or comparison with authentic samples.
Although the production of antibiotics by marine bacteria is well documented (3, 4), there have been few chemical studies of this phenomenon. In a pioneering chemical study, Burkholder et al. (5) isolated a highly brominated antibiotic I (Fig. 1 ) from an organism they designated Pseudomonas bromoutilis. We have subsequently isolated the same antibiotic, together with tetrabromopyrrole (II) and hexabromo-2,2'-bipyrrole (Ill) (Fig. 1 ) from an autotoxic marine bacterium of the genus Chromobacterium (1). We could demonstrate that antibiotics I and II were responsible for autotoxicity. In this study we have elucidated the structures of two novel antibiotics and three other interesting metabolites from a marine pseudomonad.
MATERIALS AND METHODS
Isolation, description, and culturing of the bacteria. The marine pseudomonad (designated 102-3) was isolated from a seawater sample taken from a mid-intertidal pool at La Jolla, Calif., on 4 March 1974. The bacterium showed antibiotic activity on the original agar plate spread with the water sample, as demonstrated by the formation of zones of inhibition around individual colonies. Zone-producing colonies were isolated, dilution streaked, and maintained in pure culture. 102-3 is a short (< 1 ,um), gram-negative, motile rod with no apparent storage granules. Optimum growth occurs in a medium that is 80 to 100% the sodium chloride concentration found in seawater. Potassium chloride will not replace sodium chloride as a required salt. This bacterium will not grow on a minimal medium (i.e., glycerol as the only carbon source) and grows only at temperatures between 9 and 24°C.
The culture medium consisted of peptone (5 g/liter), yeast extract (1 g/liter), and agar (10 g/liter) in filtered seawater. Marine strains used as test organisms were Vibrio anguillarum M5900, obtained from W. Fenical of Scripps Institution of Oceanography, and Vibrio harveyi, obtained from K. Nealson, also of Scripps Institution of Oceanography. These were grown on the same medium as was 102-3. Staphylococcus aureus ATCC 6538P, Escherichia coli ATCC 11775, and Candida albicans ATCC 10231, obtained from Abbott Laboratories, were cultured on tryptic soy agar. Antibiotic activity was assayed using the agar diffusion method.
Procedures for the indole, methyl red, VogesProskauer, nitrate reduction, sucrose, mannitol, catalase, and oxidase tests were those listed by Collins (6) .
Large-scale culture and extraction procedures. Large-scale cultures of 102-3 were grown on trays (60 by 30 by 2 cm) of nutrient agar (see above). After 4 days of incubation at room temperature, the cells were gently removed from the agar surface, using a paint scraper. The cells were homogenized in ethyl acetate (100 ml/g of wet cells), the resulting suspension was filtered, and the ethyl acetate extract was dried over anhydrous sodium sulfate. The cellular material was reextracted three times, and the combined extracts were evaporated in vacuo to obtain an oil (-100 mg/tray).
The spent agar medium was sectioned into squares (5 by 5 cm) and covered with ethyl acetate (2:1, solvent:medium). After 48 h, the solvent was decanted; the process was repeated three times. The combined extracts were dried over anhydrous sodium sulfate and the solvent was removed in vacuo to obtain a viscous oil (-200 mg/tray). Chemical studies: general information. Unless otherwise specified, AR-grade solvents and chemicals were used without further purification. Infrared spectra were recorded on a Perkin-Elmer 700 spectrophotometer, and nuclear magnetic resonance (NMR) spectra were recorded on a Varian HR-220 spectrometer using TMS (8 = 0) as internal standard. Low-resolution mass spectra were recorded at 50 eV on a Hewlett-Packard 5930A mass spectrometer. High-resolution mass measurements were supplied by the Chemistry Department at UCLA. Gaschromatographic analyses were performed on a Hewlett-Packard 402 instrument, using a column ( Synthesis of 6-bromoindole-3-carboxaldehyde (7) . A solution of bromine (1.60 g, 10 mmol) in acetic acid (10 ml) was added dropwise to a stirred solution of indole-3-carboxaldehyde (1.45 g, 10 mmol) in acetic acid (60 ml). Stirring was continued for 10 min after the addition was completed, and the resulting mixture was cautiously poured into aqueous sodium bicarbonate solution (100 g in 800 ml of water). The organic material was extracted with ethyl acetate (3 x 100 ml), and the combined extracts were dried over sodium sulfate. Evaporation of the solvent in vacuo gave a dark-red semisolid (2.1 g), which contained mainly unreacted starting material together with two brominated derivatives, 5-bromoindole-3-carboxaldehyde and 6-broruoindole-3-carboxaldehyde. Thick-layer chromatography of the mixture on silica gel, using 10% acetonitrile in benzene, followed by crystallization from aqueous methanol, gave 6-bromoindole-3-carboxaldehyde, mp, 200 to 2020C (reference 7, mp, 203 to 204°C). NMR (CDCl3) 8 7. 36 (d, 1H), 7.73 (s, 1H), 8.14 (d, 1H), 8.20 (s, 1H) , 10.00 (s, 1H).
Synthesis of 2-n-pentyl4-quinolinol (10) . A mixture of ethyl 3-oxo-octanoate (2.2 g, 12 mmol), prepared by the method of Rathke and Deitch (9), aniline (1.11 g, 12 mmol), and 3 N hydrochloric acid (4 drops) was stirred overnight. The mixture was dried over anhydrous sodium sulfate and added to refluxing diphenyl ether under nitrogen. After 30 min at reflux, the solution was cooled and diluted with diethyl ether, and the basic material was extracted with 3 N hydrochloric acid. The combined extracts were basified to pH >10 and extracted with ethyl acetate. The extracts were'dried, the solvent evaporated, and the residue was recrystallized from aqueous ethanol to obtain 2-n-pentyl-4-quinolinol, mp, 141 to 1420C.
RESULTS AND DISCUSSION
A yellow pseudomonad (designated 102-3) was isolated from a La Jolla tidepool and demonstrated antibiotic activity against V. anguillarum, S. aureus, C. albicans, and V. harveyi. 102-3 will not ferment glucose or mannitol, does not reduce nitrate, and gives negative results in the methyl red and Voges-Proskauer tests. It produces indole and is positive in tests for the presence of both oxidase and catalase. After large-scale culturing and the subsequent extraction of the active material, three compounds were isolated and found to be responsible for antibiosis (see Table 1 ).
By separating the bacterial cells from the spent agar, we were able to investigate both intracellular and extracellular metabolites. The cells and spent agar were extracted separately with ethyl acetate. The spent agar extract contained approximately twice the quantity of material obtained from the cells. The cell extract showed very slight antibiotic activity against V. anguillarum and V. harveyi. The major constituents of the cell extracts were a mixture of C16:1 and CO8:1 fatty acids. This extract was not investigated further.
The spent agar extracts exhibited strong activity against V. anguillarum and V. harveyi. Chromatography of the extracts gave three interesting fractions, as judged by thin-layer chromatography, two of which showed antibiotic activity. The first antibiotic fraction contained p-hydroxybenzaldehyde (IV) (Fig. 2) , which had also been found in Chromobacter. A second fraction, which did not show antibiotic activity, contained a 9:1 mixture carboxaldehyde (V) and 6-bromoir boxaldehyde (VI) (Fig. 2) . The aldel separated on preparative silica gel the indole-3-carboxaldehyde (V) wa be identical to an authentic sampl MHz proton magnetic resonance s the brominated indole aldehyde con nals that could be interpreted as either a 5-or 6-substituted indole. C of the spectral data with those of a bromoindole-3-carboxaldehyde elimi possibility. Bromination of indole-3-( hyde in glacial acetic acid gave a m and 6-bromoindole-3-carboxaldehy was separated on silica gel plates thetic 6-bromoindole-3-carboxalde] was identical in all respects to the n terial.
6-Bromoindoles have been found ix rine organisms. The tyrian purple Murex sp. is a dimeric molecule basE moindole (2). The acorn worm, J flava laysanica, contains 6-bromo. dole, together with 3-chloro-and 3-b: (8) .
The third fraction, which showed est antibacterial activity, contained of two closely related compounds, v separated on preparative silica gel I mass spectra of the two compounds the same base peak at e/e 159, but t lar weights, 215 and 243, differed I NMR spectra ofthe two 
